This paper is a sequel to the extensive study of warm absorber (WA) in X-rays carried out using high resolution grating spectral data from XMM-Newton satellite (WAX-I). Here we discuss the global dynamical properties as well as the energetics of the WA components detected in the WAX sample. The slope of WA density profile (n ∝ r −α ) estimated from the linear regression slope of ionization parameter ξ and column density N H in the WAX sample is α = 1.236 ± 0.034. We find that the WA clouds possibly originate as a result of photo-ionised evaporation from the inner edge of the torus (torus wind). They can also originate in the cooling front of the shock generated by faster accretion disk outflows, the ultra-fast outflows (UFO), impinging onto the interstellar medium or the torus. The acceleration mechanism for the WA is complex and neither radiatively driven wind nor MHD driven wind scenario alone can describe the outflow acceleration. However, we find that radiative forces play a significant role in accelerating the WA through the soft X-ray absorption lines, and also with dust opacity. Given the large uncertainties in the distance and volume filling factor estimates of the WA, we conclude that the kinetic luminosityĖ K of WA may sometimes be large enough to yield significant feedback to the host galaxy. We find that the lowest ionisation states carry the maximum mass outflow, and the sources with higher Fe M UTA absorption (15 − 17Å) have more mass outflow rates.
the baryonic matter which prevents it from cooling. The outflows from AGN could be this source of external heating.
The ionised absorbers, popularly known as the warm absorbers (WA) have been studied extensively, both for individual bright sources like NGC 5548, Mrk 509, NGC 3783, Mrk 766, NGC 4051, MCG-6-30-15, Mrk 704, NGC 5548 etc. (Kaastra et al. 2012; Crenshaw et al. 2003; Krongold et al. 2008; Ponti et al. 2006; Turner et al. 2004; Laha et al. 2011; Kaastra et al. 2002) as well as in samples of AGN (Gofford et al. 2015a; Laha et al. 2014; Tombesi et al. 2013; Winter et al. 2012; Tombesi et al. 2010; McKernan et al. 2007; Blustin et al. 2005) . However, there has not been a conclusive agreement on the origin of these outflows, what drives these outflows and how the feedback from these outflows interact with the host-galaxy.
The first compilation of the existing WA studies using grating data was carried out by Blustin et al. (2005) where the authors found that the kinetic luminosities of the WA are less than 1% of bolometric luminosity of the source. The authors concluded that the WA may not provide sufficient feedback to the host galaxy to have any impact on its evolution. However, the authors noted that the volume filling factor could play a crucial role in calculating outflow estimates. The authors also found that the mass outflow rates of the WA exceed the mass accretion rates of the SMBH by a factor of several decades. They attributed the origin of the WA clouds to 'torus wind', where the torus is a neutral obscuring ring like structure around the SMBH (Urry & Padovani 1995) . McKernan et al. (2007) studied the WA characteristics in a sample of Seyfert galaxies using high resolution Chandra data. The authors found that the mass outflow rates and kinetic energy estimates are crucially dependent on the unknown volume filling factor of the warm absorber clouds. The mass outflow rates of the WA calculated by them could equal the mass accretion rate of the SMBH even for a volume filling factor of just 1%. Hence, the warm absorbers could be regarded as a potential feedback source. A combined UV absorber and X-ray WA study for a sample of six bright Seyfert galaxies were carried out by Crenshaw & Kraemer (2012) . The authors found that even for moderately luminous sources, with bolometric luminosity L bol ∼ 10 43−45 erg s −1 , the ionised outflows (WA and UV absorbers combined) can provide sufficient feedback to the host galaxies. The authors have obtained well constrained measurements on the distances of the absorbers using the absorption from the excited states (in UV) and absorption variability (in X-rays). Three out of six sources in their sample exhibited WA with kinetic luminosities in the range 0.5 − 5% of L bol . At least five of the six Seyfert 1s also have mass outflow rates that are 10 − 1000 times the mass accretion rates needed to generate their observed luminosities. These results point to the fact that the AGN WA have the potential to deliver significant feedback to the host galaxy.
More recent studies carried out by Tombesi et al. (2013) and Gofford et al. (2015a) involving the ultra-fast-outflows (UFOs), which are high ionisation and high velocity outflows in AGN, found that the UFOs are more important in terms of feedback compared to the warm absorbers. The UFOs yield a kinetic luminosity which is comparable to the bolometric luminosity of the source. The origin of the UFO are presumed to be from the accretion disk winds. A similar study by King et al. (2013) carried out comparing the WA, UFO and jet properties from the published literature found that the jets are the most important feedback mechanism as compared to the WA or the UFO. However, feedback from UFOs may be significant in case of high Eddington-ratio sources. The feedback from jets are highly collimated and extend to distances upto Mpc and as such they are not able to distribute the material over a large solid angle within the galaxy. Moreover, jets occur in just 10% of the total AGN in nearby universe, which suggests that a more universal phenomemon should be responsible for AGN-Galaxy feedback.
In this work we calculate the WA dynamics using the results from a previous paper of this series Laha et al. (2014) (hereafter L1) . We have systematically and homogeneously analysed a sample of Seyfert 1 galaxies and characterised their WA properties. The WAX sample is a subsample of the CAIXA (Catalogue of AGN in XMM Archive) sample which consists all radio quiet X-ray unobscured AGN which were observed by XMM-Newton by 2008. This list was cross-correlated with the RXTE X-ray sky survey (Revnivtsev et al. 2004 ) whereby only those sources were kept in the final list which had a count rate of at least 1 count s −1 . The final WAX list has 26 sources. The broadband EPIC-pn as well as high resolution RGS data for each source were analysed to ascertain the broadband continuum as well as the WA properties. Simultaneous Optical Monitor (OM) data were used to constrain the UV SED which is crucial for determining the WA properties (see for e.g., Laha et al. 2013; Reeves et al. 2013; Lee et al. 2013) .
Out of the 26 X-ray type 1 AGN, 17 (65%) sources have at least one warm absorber component. The WAX sample probes the column density of NH = 10 20−23.5 cm −2 , ionisation parameter of logξ = −1 to 3.2, and outflow velocity of 0 − 10 4 km s −1 . The ionisation parameter is defined as ξ = Lion/ner 2 where Lion is the ionising luminosity of the source in the energy band 1-1000 Ryd, ne is the electron density of the cloud and r is the distance of the cloud from the central engine. A total of 33 WA components were detected and the ionisation parameter and the column density were measured with over 3σ accuracy in most cases. For a few WA components, the velocity could not be constrained. We found that the WA parameters show no correlation among themselves, with the exception of the ionization parameter versus column density. The shallow slope of the logξ versus logvout linear regression 0.12 ± 0.03 is inconsistent with the scaling laws predicted by radiation or magneto-hydrodynamic-driven winds. Our results suggest also that WA and Ultra Fast Outflows (UFOs) do not represent extreme manifestation of the same astrophysical system. We test these results further in our present work using the dynamical parameters of the WA.
In this paper we aim at addressing the following questions:
• Are the WA and the UFOs same type of outflows, and do they have similar origin?
• The estimation of WA kinetic energy outflow rate. We use the comparison of the quantity against the AGN bolometric luminosity to estimate the AGN feedback to the host galaxy.
• Is there any correlation between WA absorbed flux and the ionising luminosity or the X-ray luminosity?
• What is the outflow/launching mechanism of WA and how do they compare with the UFOs and UV absorbers?
• What is the density profile of the WA clouds?
This paper is organised as follows: Section 2 describes the calculations and the underlying assumptions considered while deriving the dynamical parameters of WA. Section 3 describes the methods of correlations employed in this work. Section 4 discusses the results followed by conclusion.
WARM ABSORBER ENERGETICS
In our earlier work L1 we constrained the WA parameters (ξ, NH and vout) for a sample of Seyfert galaxies. In this section we de-scribe the methods we have used to calculate the dynamical parameters of WA from the measured WA parameters. These estimates involve several assumptions. We discuss the implications and caveats of such assumptions in this section. The errors on the derived parameters are calculated following the methods of statistical error propagation from the errors on the measured parameters.
WA radial distance
The radial distances of the WA clouds from the central engine are best estimated using the variability studies of WA in response to the continuum changes (see for e.g., Reeves et al. 2013; Krongold et al. 2007; Kaspi et al. 2004; Nicastro et al. 1999 , and the references therein). Such a study is beyond the scope of this paper, and will be done in a future work. In this paper we have calculated the radial distances using three different considerations.
Firstly, we consider the launch radius rmin using the virial relationship which assumes that the observed velocity of the WA is the radial escape velocity at that distance from the central engine.
As a caveat we must note that in a few cases of X-ray binaries it has been seen that the ouflowing gases have velocities much less than the escape velocity at that radius (Miller et al. 2006) . Secondly, the launch radius can also be calculated by assuming that the WA originates at the base of the broad line region (BLR). A recent study by Czerny & Hryniewicz (2011) pointed out that the broad line region (BLR) in an AGN could originate as clouds uplifted from the outer parts of the accretion disk where the temperature is ∼ 1000 K. Beyond the dust sublimation radius the radiation pressure on the dusty clouds can sustain the radiatively driven outflows, while below this radius the dust grains sublimate and there is not enough radiative push on the clouds and they fall back on the disk due to gravity. Netzer (2015) in a recent review has discussed how the dust sublimation radius can give us an estimate of the inner margins of the BLR. Barvainis (1987) had shown that for AGN dust heated by the central luminous source, a dust sublimation radius can be defined as
where L46 is the bolometric luminosity of the AGN in units of 10 46 erg s −1 and T sub is the dust sublimation temperature (in K), and f (θ) is an angular dependent term which is 1 for an isotropic source. Hence, we assume f (θ) = 1 for simplicity. In a wind driven by radiation pressure on dusty clouds r dust is therefore an order-ofmagnitude estimate of the launch radius. In Figure 1 , left panel we show how the r dust compares with the virial estimates of rmin in our sample. Figure 2 shows how the two distance estimates rmin and r dust compare for each 25 individual WA.
A further estimate of the warm absorbing cloud location can be obtained using the geometrical definition of "cloud". We assume that its thickness ∆r, does not exceed its distance from the ionising source (Krolik & Kriss 2001; Blustin et al. 2005) . As NH = nHV f ∆r, imposing ∆r = r yields an upper limit on the cloud launching radius
where V f is the volume filling factor of the cloud (see Section 2.5 for details), Lion is the ionising luminosity, ξ is the ionisation parameter, NH is the column density and nH is the hydrogen density of the cloud. This distance estimate follows from a geometrical argument, which may not always hold. rmax calculated using Equation 3 yields estimates as large as a few Mpc (modulo V f ). We discuss the interpretation of these results in Sec. 4.4.1. We scale all the distances with the Schwarzschild radius of the super massive blackhole (SMBH),
While we use the subscript "min" and "max" for consistency with the literature published so far, we stress that the above estimates are not commensurable. In this paper we will therefore refrain from calculating "mean distances" by averaging rmin and rmax, because the statistical properties of the distribution of this average (and the associated statistical uncertainties) are unknown. So rmin, r dust and rmax will be treated separately. We will also treat separately the estimates of outflow properties dependent on these distances.
Mass outflow rate
The estimate of the mass outflow rate depends on the geometry of the outflow which involves the knowledge of volume filling factor, covering fraction, density profile and outflow geometry (conical or spherical or other) of the WA clouds which are still largely unknown. We calculate the outflow parameters following Krongold et al. (2007) who considered a biconical geometry for the WA outflow. The mass outflow rate in such a scenario is given by,
where mp and NH denote the mass of proton and the column density of the WA clouds respectively. f (δ, φ) is a factor which depends on the angle between the line of sight to the central source and the accretion disc plane, δ, and the angle formed by the wind with the accretion disc, φ. We have assumed a value f (δ, φ) ∼ 1.5 (Krongold et al. 2007; Tombesi et al. 2013) . The ratio of the proton to electron abundance (nH/ne) is expressed as µ and we have assumed a Solar value of 1/1.4. We compared these mass outflow estimates with a few other different methods in Appendix A and found that they are similar to within an order of magnitude. In our study, the mass outflow rate is scaled with the Eddington mass accretion rate, which is given by:
where L Edd is the Eddington luminosity of the source, given by 1.3 × 10 38 (M/M⊙) erg s −1 , and η is the accretion efficiency assumed to be 0.1.
Kinetic Luminosity
The kinetic luminosity of the WA cloud is the rate of the kinetic energy emitted by the WA cloud and is given by the equation: RIGHT: The distribution of r min of the UFO (in blue) and WAX (in red), again scaled with respect to rs. We find that the UFO and the WA are separated at a distance 10 3 rs. This quantity is scaled by L Edd in our study. The bolometric luminosity L bol is calculated using the UV-Xray SEDs generated for each source in our earlier study L1 in the energy range 1 eV to 250 keV.
Momentum outflow rate
The momentum outflow rate of the WA cloud is given by:
and the radiation momentum rate is given by,
where Lion is the ionising luminosity of the source measured in the range 1-1000 Ryd. The incident ionising photons interact with the warm absorber clouds and get absorbed or scattered whereby they transfer their momentum to the cloud. The amount of absorption depends on the optical depth offered by the clouds to the impinging photons. The momentum tranferred to the cloud due to the absorption of photons is given bẏ
The total absorbed luminosity L abs,Tot for each source is calculated by adding the L abs for all the WA components detected in a given source. Similarly, for the outflow momentum rates we have considered the total values of the quantititesṖout,Tot andṖ abs,Tot while correlating with the source parameters.
Volume filling factor
The volume filling factor, V f , like the radial distance, is hard to estimate. Warm absorbers have been predominantly found to be clumpy in the form of discrete clouds in multi-phase ionised medium (see for e.g., Bottorff et al. 2000; Krongold et al. 2005; Miniutti et al. 2014; Huerta et al. 2014; Coffey et al. 2014; Laha et al. 2014) . However, there has not been much consensus on the clumping factor and hence the volume filling factor for WA clouds, which varies from source to source. The previous studies on ionised absorptions in AGN indicate a large range in V f , from 10 −5 to 1 (Blustin et al. 2005; . Following Blustin et al. (2005) we calculate the volume filling factor of each of the warm absorbing clouds, assuming that the WA are purely radiatively driven. In such a scenario the total outflow momentum rate of the cloud should equal to the momentum due to absorption and scattering of the ionising luminosity by the WA. This proposition may not always be true, but this gives an order of magnitude estimate of V f . By equating the WA momentum with the absorbed and scattered momentum we obtain,
where the scattered momentum is given by,
The optical depth for Thomson scattering τT is given by
Using equations 5 and 11, the volume filling factor can be written as,
We list the volume filling factors of each WA component in Table 9 .
The UFO data
For the ultra fast outflows (UFOs) we have used the kinematic data from Tombesi et al. (2012) and Tombesi et al. (2013) . From their study, we have considered the minimum and maximum distance estimates of the UFO and their corresponding outflow parameters separately as described in Section 2.1.
CORRELATION ANALYSIS

Choice of correlations
There are three WA parameters which are independently measured (ξ, NH, vout) and four source parameters which are independently derived (Lion, L bol , LXray, and MBH) in our previous study L1. The correlation and linear regression analysis involving the source parameters are reported in Table 1 . Correlations involving the WA are carried out in three sets, reported in Tables 2, 3 and 4, where the outflow parameters are estimated using the virial distance rmin, the dust sublimation distance r dust and the maximum distance rmax, respectively. We list the source luminosities in Table 5 . The Tables 6-9 list the calculated distances and the outflow parameters in these three different scenarios along with their statistical errors. The warm absorbed luminosities are listed in Table 6 . Wherever the correlation involves the source parameters (for e.g.,Ṗ rad , LXray, L bol ) we have added the corresponding WA kinematical quantities for a given source if there are multiple WA. We use the suffix 'Tot' whenever that is done.
Correlation and linear regression methods
For correlation analysis we have used the freely available Python code by Nemmen et al. (2012) using the BCES technique (Akritas & Bershady 1996) to carry out the linear regression analysis between various WA dynamical quantities. In this method the errors in both variables defining a data point are taken into account, as is any intrinsic scatter that may be present in the data, in addition to the scatter produced by the random variables. We also tested the strength of the correlation analysis using the non-parametric Spearman rank correlation method. There are three WA components whose outflow velocity is consistent with zero. We have ignored those components in our analysis as we are mainly interested in the dynamic properties of WA. We also do not include an additional five WA components whose velocity could not be constrained. So our correlation analysis includes 25 WA components.
RESULTS AND DISCUSSION
The density profile of warm absorbers
The density profile of the WA clouds can be calculated using the absorption measure distribution (AMD) method described by Holczer et al. (2007) and Behar (2009) . The absorption measure distribution is defined as AMD= dNH/d log ξ, and measures the distribution of hydrogen column density along the line of sight as a function of the ionization parameter. It is calculated using the different ionic states of the same atom (for e.g., Fe) detected in a given source across the X-ray spectra with different ionization parameter and ionic column densities. We can estimate the AMD from the WAX sample by assuming that the different WA are the manifestation of the different stages of the same absorber (see also Tombesi et al. 2013) . Taking the derivative of the linear regression relation, log NH = a log ξ + b, where a and b are the best fit linear regression slope and intercepts respectively (see Figure 5 left panel, and Table 10 of L1), we may write the AMD ∝ ξ a , where a = 0.31 ± 0.06 and b = 20.46 ± 0.11. The slope of the radial density profile (n ∝ r −α ) from Behar (2009) is given by
2 . By substituting the value of a in this equation we obtain α = 1.236 ± 0.034, which is similar to that obtained by Behar (2009) from a small but well studied sample of five Seyfert galaxies (1 < α < 1.3). This conclusion validates our original assumption that the global WA properties in the WAX sample could be considered representative of each individual source outflow evolving through different phases of ionic states and column densities. Giustini & Proga (2012) had suggested that the information we derive from the absorption lines for individual WA are insufficient to comment on the gross properties of the wind. From our earlier proposition therefore this effect can be mitigated to an extent, if we study the WA properties in a sample, as in WAX. We will discuss the implications of the estimated density profile in Sect. 4.3.
Origin of warm absorber
In this Section we aim at constraining the location where the wind could be launched. The launching scale may provide clues on the outflow launching and acceleration mechanism. The virial estimates of the WA distances, rmin, in the WAX sample range from 10 16 − 10 18 cm (∼ 0.01 − 1 pc). We calculate an approximate distance of the torus following Krolik & Kriss (2001) , which is given by rtorus ∼ L 0.5 ion, 44 pc, calculated considering the dust sublimation temperature and the effects of photo-ionisation. We list the values of rtorus in Table 6 . We find that the torus distance is on an average an order of magnitude higher (∼ 1 − 10 pc) than the estimated rmin for the WA. This may put the WA in the inner torus region. In the last one and half decade of high resolution spectral study of AGN, several authors have calculated the launching radius of the WA at a distance range spanning six orders of magnitude, from accretion disk winds at ∼ 0.001 − 0.01 pc (Elvis 2000) , to obscuring torus at ∼ 0.1 − 1 pc (Krolik & Kriss 2001; Blustin et al. 2005) , to the narow line region 100 − 1000 pc (Kinkhabwala et al. 2002; Ogle et al. 2004) . Till date there has not been a consensus about the origin of the WA. However, the distances estimated from the WA response to the continuum changes in some sources have yielded very well constrained upper limits. Table 10 shows a compilation of the WA distances for a few bright well studied sources, Mrk 509, NGC 4051, MR2251-178, NGC 3516, and NGC 3783. These estimates put the WA clouds at a distance range of ∼ 0.001 − 100 pc and sometimes wth a lower limit of r > 71 pc. From Tables 6 and 10 we find that the minimum distance estimates of WA rmin mostly agree with the well constrained distance estimates to within an order of magnitude, except for the source NGC 4051, where rmin is four orders of magnitude larger than the constrained estimates. Krolik & Kriss (2001) have argued that the WA could possibly be the clouds formed from evaporation of the inner edge of the obscuring torus due to the highly intense central radiation. Recent studies by Czerny & Hryniewicz (2011) suggested that the BLR clouds arise beyond the dust sublimation radius, where the thrust on the dust grains could drive the outflow. Thus, the dust sublimation radius could represent a lower limit to the outflow launching radius. In our study we find that the dust sublimation radius for the WAX sources range from ∼ 0.1 − 1 pc (see Table 6 ). From Figure  1 left panel, we see that the distribution of the minimum launch radius log rmin estimated using the virial relation overlaps with the dust sublimation radius log r dust of the sources in the WAX sample. Figure 2 shows that the virial distance estimates of the individual WA components agree with the dust sublimation radius for every source to within an order of magnitude. These results point to the fact that the warm absorbers possibly originate in the inner torus region in the form of heated torus winds as proposed by Krolik & Kriss (2001) , with a significant amount of dust opacity which can drive the outflow. There has been an extensive debate in the last couple of decades as to whether the WA are dusty or not (see for e.g., Lee et al. 2001; Sako et al. 2003; Vasudevan et al. 2013; Ishibashi & Fabian 2015; Thompson et al. 2015 , and the references therein). Fabian et al. (2008) had suggested that the presence of dust enhances the radiation pressure for Thomson scattering and thus drives mass outflows even for sub-Eddington luminosity sources. For the WA with low ionisation (log ξ < 1) we would expect that dust plays an important role in driving the outflows.
A recent study by Pounds & King (2013) showed that the WA could arise out of a Compton cooled shocked wind, when a fast, highly ionised wind, launched very near to the SMBH, loses most of its mechanical energy after shocking against the interstellar medium (ISM). For the source NGC 4051, with a black hole mass of log(MBH/M⊙) ∼ 6, the authors have calculated the shock radius to be ∼ 10 17 cm. From Fig. 1 right panel, we find that the launching radius of the UFO and the WA are separated at a radius ∼ 10 3 rs. From Table 6 we find that the Schwarzschild radius rs for the WAX sample of sources ranges between 10 12−14 cm, which implies that the break in the radius comes at around 10 15−17 cm. This is similar to those found by Pounds & King (2013) . The authors also predicted that there should be an abrupt drop in the ionisation parameter at the point of transition between the UFO and the WA. From Fig. 4 right panel, we find that at a radius of ∼ 10 3 rs, there is a drop in the ionisation prameter between the UFO and the WA. For an adiabatically shocked wind, the drop in the velocity and the ionisation parameter should be of similar magnitude. Hence, for every source where both WA and UFO have been detected, we have compared the highest ionisation parameter of WA with the highest ionisation parameter of UFO and their corresponding outflow velocities. From Tombesi et al. (2011) and L1, we find that the ratio of the maximum UFO velocity with the highest WA velocity for the sources that exhibit both UFO and WA is ∼ 10 − 30 while the drop in the ionisation parameter is larger ∼ 10 − 10 3 . These results point to the fact that the WA could possibly be produced by shock by the UFO on the ISM or the torus.
Warm absorber mechanism of acceleration
In our previous study L1, we had found that the slope of log ξ vs log vout in the WAX sample is 0.12 ± 0.03 which is inconsistent with either purely radiatively driven or magneto-hydrodynamically driven (MHD) wind. In this section we investigate the possibility of different driving mechanisms on the basis of the correlations we obtain between the different outflow parameters of WA.
Panels a, b, c, d, e, f, g, and h of Figure 3 show the correlation between the source parameters (logṖ rad , log L bol ) with the outflow momentum rate of WA, logṖout,min and logṖ out,dust , as well as the WA kinetic luminosity, logĖK,min,Tot and logĖ K,dust,Tot . The correlation and linear regression parameters are reported in Tables 2 and 3 . These correlations are particularly chosen to investigate the effect of source radiation on the WA outflow parameters. In an ideal situation of a purely radiatively driven wind, we would expect to see a strong positive correlation between the source luminosity and the WA momentum rates and kinetic luminosity. However, we find that the correlations in most cases show significant amount of scatter, implying that acceleration methods are more complex. Possibly the acceleration of the WA is caused by a complex combination of several mechanisms. Despite the scatter, in almost all the cases we find a positive linear trend of increase of WA outflow momentum rate and kinetic luminosity with the source luminosity. From panels a, b, c and d, we find that the outflow momentum rate logṖout,min and logṖ out,dust of the WA clouds increases with both the radiation momentum rate logṖ rad and bolometric luminosity log L bol of the source. This points to the fact that a stronger source flux drives a cloud with higher momentum rate. From panels e and f we find that the total absorbed momentum rate of the WA logṖ abs increases with the outflow momentum rate logṖout,min and logṖ out,dust pointing to the fact that the clouds with greater absorbed momentum rate have greater total outflow momentum rate. From panels g and h we find that the kinetic energy of the outflows increase with the increasing bolometric luminosity of the source. All of these correlations suggest that although the overall WA driving mechanism is complex, the incident radiation from the source plays a crucial role in accelerating the WA outflows. In other words, the WA clouds have a strong radiatively driven component.
The radiative pressure by the photons are imparted on the clouds by absorption and scattering. The UV and soft X-ray photons play the most important role in imparting momentum due to absorption, while the hard X-ray photons impart momentum to the cloud via Thomson scattering. The latter is a much weaker process in comparison to line driven force (Everett & Ballantyne 2004; Gallagher et al. 2015) . However, the question arises, how a BLR cloud located very near to the central source with strong X-ray irradiation still has enough bound electrons to be radiatively driven? This scenario has been extensively studied by Proga & Begelman (2003) ; Proga & Kallman (2004) . They suggest that if an already launched cloud moves up in the atmosphere of the AGN, its density falls and its temperature increases, and it gradually becomes fully ionised, and at that stage if it fails to attain the escape velocity, it falls back to the AGN disk. These "failed wind" clouds could have gained enough opacity to shield the other clouds from the Xray ionising photons, thereby helping them to flow out. A limitation in this 'failed wind' scenario, is that, if the infalling winds screen the other parts of the wind from X-rays, we would expect to see redshifted X-ray absorption lines from these winds. But except for two cases in the WAX sample, where the warm absorber velocities are consistent with zero, all other WA are outflowing with respect to the systemic velocity. We find no trace of these screening 'failed winds'.
Improved simulations of radiatively driven winds in AGN by Sim et al. (2010) showed similar results that these winds could produce the higher energy absorption features (2 − 10 keV) of the spectrum of the quasar PG1211+143, but fail to produce the lower ionisation features Ne IX or O VII in the soft X-rays. This is due to the fact that the huge X-ray flux from a high Eddington ratio source has fully ionised the cloud. A recent theoretical study by Higginbottom et al. (2014) found that the purely radiatively driven winds are more ionised than that was predicted by Proga & Kallman (2004) , and as such these winds will have no UV or soft X-ray spectral lines. So, in effect, the purely radiatively driven winds scenario is efficient only if there is X-ray shielding.
If indeed there is some form of X-ray shielding, we should be able to detect that in the X-ray absorption spectrum. We find an interesting correlation in Figure 5 , right panel. The ratio of the total absorbed X-ray luminosity by the WA clouds L abs to that of the incident X-ray luminosity (0.3 − 10 keV) is a constant at L abs /LXray ∼ 5% across the LXray values. The slope of the linear regression between log LXray and log L abs is ∼ 1. The ratio of the quantity L abs,Tot /LXray = 10 40.25 /10 41.5 = 0.056 at the point where the best fit linear regression line intersects the Y-axis in the figure, implies a ∼ 5% absorption. Perhaps the WA are screening the outflowing clouds with lower ionisation states located further out from the central source radiation. The scatter in the correlation may be the result of the different viewing angles for different sources.
The other possible radiative acceleration mechanism is Thomson scattering, which is particularly relevant for highly ionised clouds whose atoms have been stripped off their bound electrons. Pounds et al. (2003) ; King (2010) have extensively studied the case of an electron scattered wind and conjectured that in such a scenario one would expect the momentum outflow rateṖout of the cloud to be proportional to the incident radiation fieldṖ rad , i.e., a correlation between logṖout and logṖ rad would yield a linear regression slope of 1. From Fig. 3 , panels a and b, we find that the slopes of the linear regression are 1.06 ± 0.10 and 1.20 ± 0.19 for logṖout,min vs logṖ rad and logṖ out,dust vs logṖ rad respectively. This is similar to that expected for a Thomson scattered cloud. For a Thomson scattered wind,Ṗout andṖ rad is predicted to be of similar magnitude. However, for the WA we find thatṖout is an order of magnitude lower thanṖ rad . We conclude that in the WA clouds, Thomson scattering may not contribute towards accelerating the cloud. It is to be noted that this process is predominant for highly ionised, high column density clouds facing a high Eddington ratio (λ = L bol /L Edd ) source. This is the typical scenario for the ultra-fast-outflows as discussed by Tombesi et al. (2013) and Gofford et al. (2015b) . Fabian et al. (2008) ; Hönig & Beckert (2007) have shown how the presence of dust enhances the radiative thrust on the winds due to the ionising continuum. Even for sub-Eddington luminous sources, the clouds can get a thrust equivalent to sources emitting at an Eddington rate. In Sect. 4.2 we find that the WA can likely originate from the dust sublimation radius in the outer parts of the accretion disk or the dusty torus. This points to the possibility of presence of dust in the WA for the clouds with lower ionisation parameter ∼ log ξ < 1. In a dust driven scenario one would expect to get a negative slope of log ξ vs log vout correlation, as the lower ionisation states will be driven faster. On the other hand in a purely radiatively driven wind scenario we would expect a positive slope with higher ionisation states outflowing faster. In L1, we find that the slope of log ξ vs log vout correlation is nearly flat ∼ 0.12 ± 0.03, which may point towards a combination of the effects of dust driven wind for the lower ionisation states and line driven wind for the higher ionisation states.
Alternative scenarios
Early studies on magneto-hydrodynamical (MHD) winds by Blandford & Payne (1982) demonstrated that energy and angular momentum can be effectively removed magnetically in the form of outflows from accretion disks, leading to visible signatures of collimated jets and uncollimated winds. More recent studies by Kazanas et al. (2012) ; Fukumura et al. (2010a,b) ; Everett & Ballantyne (2004) presented two dimensional magnetohydrodynamic winds, originating from the accretion disk winds irradiated by a central X-ray quasi stellar object (QSO). Fukumura et al. (2010a,b) found that for the chosen density profile n(r) ∝ r −1 , the predicted outflow absorption features are in good agreement with the X-ray spectra from several AGN. In our study we find that the slope of the density profile for the WA is α = 1.236 ± 0.034, consistent with the assumption in the study by Fukumura et al. (2010a) whose conclusions could be applied to the WAX sample as well. However, the authors also mention that for a MHD wind, the UV spectra needs to be very strong, with an αOX 2, which is not the case for the WAX sources, where αOX is given by the expression 0.385 log fν (2500Å) fν (2keV ) (Tananbaum et al. 1979 ). An observable of an MHD driven wind is that the outflow velocity is proportional to the ionisation parameter of the outflowing cloud. In L1 we had studied the correlation between vout and ξ for the WAX sample of warm absorbers and found that the linear regression slope 0.12 ± 0.03 is inconsistent with the scaling law predicted for MHD winds (vout ∝ ξ). In Figure 6 we show the linear regression results for individual sources, and we find that they have a wide range of values for different sources, from 0.00 ± 0.05 in NGC 3783 to 0.89 ± 0.06 in MRK 704. This indicates that the driving mechansims of WA is varied and not one single effect can explain all the cases.
In view of the discussion in this section we suggest that the acceleration mechanism for warm absorbers is complex. Not a single physical process can capture the entire physics. However, radiative acceleration by UV and soft X-ray line absorption is a predominant mechanism. The contributions from MHD-driven mechanisms cannot be ruled out. (h) Figure 3 . The correlation between the WA outflow momentum rate derived using the virial distance scaleṖ out,min,Tot and the dust sublimation radiuṡ P out,dust,Tot , with the source parameters. See Section 4.3 for details and Tables 2 and 3 for the correlation parameters. 
The WA feedback to galaxies
Caveats on rmax estimates.
In this section we discuss the caveats and shortcomings of the estimates of rmax. Firstly, rmax arises from a geometrical constraint ∆r = r, where ∆r is the thickness of the cloud and r is the distance of the inner surface of the WA cloud facing the ionizing radiation, where the ionisation parameter ξ for the cloud is defined. The equality implies that inner surface distance of the cloud from the ionising source and the cloud thickness are equal. The inner surface distance and the thickness of the cloud are entirely unrelated quantities. Instead the outer surface distance of the cloud (R) could put a limit on the thickness of the cloud (∆r R). But unfortunately, we do not have a measure of the outer extent of the cloud. However, keeping in mind the outflow literature published so far, we have calculated rmax using equation 3 for every WA component for a comparison.
Secondly, from Table 6 we find that at least one of the WA has rmax ∼ 1 Mpc and five others have rmax ∼ 100 kpc. Tombesi et al. (2013) in a compilation of the warm absorber studies found similar rmax ranging upto 10 25 cm ∼ 10 Mpc, using equation 3. Crenshaw & Kraemer (2012) have also calculated rmax of the order of 10 23 − 10 26 cm ∼ 100 kpc− 100 Mpc for WA in several sources, using equation 3. These values imply that the WA can be found much beyond the host galaxies and may be sometimes in the inter galactic medium (IGM). Most of the robust WA distance estimates from variability studies put them between 0.001 pc to few tens of pc (see Table 10 ), which in turn questions the validity of equation 3.
Keeping in mind these caveats, we estimate the outflow parameters corresponding to rmax and discuss the results in the sections below.
WA feedback
A measure of the WA feedback to host galaxies can be obtained by studying the WA mass outflow rateṀout in comparison to the SMBH mass accretion rateṀacc and the kinetic luminosity of the outflowĖK,out in comparison to the bolometric luminosity L bol of the source. Some of the most interesting questions regarding the AGN-galaxy co-evolution can be answered by observational studies of outflow impact on the host galaxies. For e.g., chemi- cal enrichment of the host galaxy, the relation between the mass of SMBH and the stellar velocity dispersion (M − σ relation), the formation of large scale structures in the early universe and the relation between SMBH and galactic bulge growth. Di Matteo et al. (2005) ; Hopkins & Elvis (2010) have demonstrated that an outflow withĖK/L bol as low as ∼ 0.5% can give sufficient feedback to the host galaxy to stop the cooling flows in the host galaxy which supply the raw material to the accretion disk. Seyferts are primarily hosted in spiral galaxies, for which this percentage is much lower, as low as 0.1% (Gaspari et al. 2011 (Gaspari et al. , 2012 to affect the host galaxy, as against the more compact elliptical galaxies.
From Figure 7 and Table 9 we find that the WA maximum kinetic energy can exceed the bolometric luminosity of the AGN, sometimes even by an order of magnitude, for unit volume filling factor V f and assuming rmax estimate in equation 3. However, if we multiplyĖK,max of each of the WA component by the respective V f (see Table 9 ), we obtain the blue points in Fig. 7 . We find that after taking into account the volume filling factor, the kinetic luminosity of the WA are < 0.5%L bol . There is however, a large uncertainty in the estimate of the filling factor. is required for the mass outflow rates of the WA not to greatly exceed the accretion rate. The large mass outflow rate as compared to the mass accretion rate indicates that most of the matter which is approaching the black hole is being expelled and only a small fraction is reaching the black hole.
From Figure 8 right panel we find that the more massive outflows are the ones which have lower column densities (NH) or alternatively lower ionisation parameter ξ, for unit volume filling factor. Previous studies suggested that Fe M shell unresolved transition array (UTA) absorption could carry away the largest mass outflows (Holczer et al. 2005; McKernan et al. 2007 ). We calculated the absorbed luminosity for each warm absorbed source in the wavelength range 15 − 17Å which we assume to be the representative of the UTA absorption. Fig. 5 left panel, show that there is a correlation between the UTA absorbed luminosity with the total mass outflow rate. The linear trend suggests that higher UTA absorption leads to higher mass outflow rates. This indicates that the UTA absorbers may be the dominant mass outflow component.
The WA and the UFO: Are they similar outflows?
There has been long standing question as to whether the warm absorbers and the UFOs are the same type of outflows. Our analysis in L1 had shown that the WA and the UFO do not lie on the same correlation slope in the parameter spaces of ξ, NH and vout, and hence most probably not the same type of outflow. In principle, WA and UFOs denote two very different types of cloud with distinctly different ξ, NH and vout distributions. Below we discuss the relation The total maximum kinetic luminosity of the WA for each source plotted against the bolometric luminosity. We find that for a unit volume filling factor V f , the kinetic luminosity can exceed L bol by nearly an order of magnitude (upper red dots). However the uncertainty in the measurement of V f leads to a large uncertainty in the calculation ofĖ K . Following Blustin et al. (2005) we estimated V f in Section 2.5 and reported them in Table 9 . We note that if we consider the volume filling factor, the kinetic outflow rates for the WA are lower than 0.5% of the bolometric luminosity (lower blue dots), which implies that the WA may not have sufficient feedback impact on its surroundings. between WA and the UFO in the light of the dynamical calculations done in this work. Fig. 4 left panel shows the plot of the column density NH vs the launching radius rmin for both the WA (in red) and the UFO (in blue). The correlation slope between the WA parameters encompasses the UFOs, implying a continuous column density distribution over the WA and UFO geometrical distances. On the other hand, the right panel of Fig. 4 shows the correlation between the launch radius and the ionisation parameter, with a break in the continuity of the ionisation parameter of the WA and UFO. The distance at which this break occurs is ∼ 10 3 rs, and as discussed in Section 4.3, this could be due to shock entrainment of the UFOs with the ISM, giving rise to the WA.
The properties of the UFO and the WA are quite different. The UFOs originate at a much nearer radius (∼ 10rs) and are already highly ionised by the incoming continuum radiation, which incapacitates them from being line driven. They are therefore primarily driven by Thomson scattering. On the other hand, the WA are primarily radiatively driven with dust contributing to its opacity. Tombesi et al. (2013) has unified the UFO and the WA clouds by describing the WA clouds to be the cooler and slower form of UFOs, located further out in the AGN. They mention that the UFO and the WA are a part of the single large stratified outflow. In our study we find that the WA likely originate from the inner regions of the dusty torus, while the UFOs originate from accretion disk. Thus WA are a different type of wind compared to the UFO. However, considering the shock driven theory of WA origin by Pounds & King (2013) , it could be possible that the WA originate due to shock impact of the UFO on the neutral and dusty torus or the ISM.
CONCLUSIONS
We have carried out a comprehensive study on the warm absorber dynamics and its effect on the environments of the host galaxy. The main conclusions of the paper are as follows:
• We find that the linear regression slope between the absorbed ionizing luminosity log L abs,Tot vs X-ray luminosity log LXray is 0.93 ± 0.11 indicating a constant fractional absorption (∼ 5%) independent of X-ray flux.
• We estimate WA launching radius using the virial argument, and the dust sublimation radius (following Czerny & Hryniewicz (2011) ). The distribution of launching radii is broad, ranging between 10 3 and 10 6 rs. We find that the WA possibly originates as a result of photo-ionised evaporation from the inner edge of the torus (Torus wind), or as a shock driven wind generated as a result of the impact of the UFO on the ISM or the torus, at a typical distance of 10 3 rs.
• The WA density profile estimated from the linear regression slope of ξ and NH in the WAX sample is α = 1.236 ± 0.034, assuming that the different WA across the different sources are manifestations of the different stages of the same absorber. This result agrees with the detailed study on a few sources exhibiting multicomponent WA outflows, validating our assumption.
• The acceleration mechansim of the WA is complex and neither radiatively driven wind nor MHD driven wind scenario alone can describe the outflow acceleration. However, we find that the radiative forces play a significant role in driving the outflows through soft X-ray absorption lines, as well as dust opacity.
• To estimate the feedback of warm outflows onto the host halaxy, accurate estimates of the volume filling factor as well as of the outflow's radial extension are required. The best available estimates of these quantities suggest that the WA components in the WAX sample do not generally exert a significant feed-back. However, given the large uncertainties on these geometrical factors, at least some WA may exert sufficient feed-back to contribute to the cosmological evolution and to the chemical enrichment of the host galaxy (Crenshaw & Kraemer 2012) .
• We find that for unit volume filling factor, the maximum mass outflow rates are several orders of magnitude higher than the mass accretion rates, consistent with previous estimates.
• The lowest ionisation states carry the maximum mass outflow. The sources with the strongest absorption in the Fe-M UTA wavelength range exhibit the largest mass outflow rates.
• WA and UFOs correspond to two different types of outflow with distinctly different ionisation states, column densities and outflow velocities. The launching radii of the UFO and the WA are separated at about 10 3 rs. For every source where both WA and UFO have been detected, we have compared the highest ionisation parameter of WA with the highest ionisation parameter of UFO and their corresponding outflow velocities. We find that the ratio of the maximum UFO velocity with the highest WA velocity for the sources that exhibit both UFO and WA is ∼ 10 − 30 while the drop in the ionisation parameter is larger ∼ 10 − 10 3 .
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APPENDIX A: COMPARING THE MASS OUTFLOW RATES
In this section we compare the mass outflow rate estimates of the WA between three different methods commonly used in published literature. In our analysis we have used the mass outflow rate estimate from Krongold et al. (2007) , see Equation 5 . An estimate of the mass outflow rate can be obtained following Crenshaw & Kraemer (2012) , given bẏ Mout = 4 π r NH µ mp Cg vout,
where Cg is the global covering factor, typically assumed to be ∼ 0.5. Another estimate of mass outflow rate can be obtained following Blustin et al. (2005) where the authors assume an inverse square mass density profile of the warm absorber clouds (n(r) ∝ 1/r 2 ), and the mass outflow rate in such a scenario is given by,Ṁ out = 1.23 mp Lion Cv vout Ω ξ ,
where Cv is the volume filling factor and Ω is the covering fraction. Note that this estimate of mass outflow rate does not explicitly depend on the distance of the absorber r, by the special choice of the density profile.
We calculated the 'maximum' mass outflow rates using equations 5, A1 and A2, and using the maximum distance estimate rmax, with a volume filling factor V f = 1. The values obtained in the three cases are logṀout = 30.66 ± 0.35, logṀout = 30.87 ± 0.33 and logṀout = 29.88 ± 0.31 respectively. We find that the mass outflow rate estimates following Krongold et al. (2007) and Crenshaw & Kraemer (2012) are same within errors, while the estimate following Blustin et al. (2005) is an order of magnitude lower. We should remember that the density profile assumed by Blustin et al. (2005) is not the true picture for the warm absorber clouds, as we found in Section 4.1 the mass density profile of the WA clouds is n ∝ r −1.236 , and therefore we need to consider this value with caution. From this analysis, we can conclude that the mass outflow rate estimated in this paper following Krongold et al. (2007) is comparable to other geometrical estimates upto an order of magnitude.
